Objective To determine the prevalence and risk of systemic comorbidities in primary angle-closure glaucoma in Taiwan population. Methods We included 3322 primary angle-closure glaucoma (PACG) subjects and randomly selected patients without PACG from the Taiwan National Health Insurance Research Database and frequency matched four of them (n=13 288) to each PACG patient, based on age and sex. The univariable and multivariable unconditional logistic regression models were used to estimate the effect of comorbidities on the risk of PACG as indicated by the OR with 95% CI. results The mean age of the PACG group was 65.2±12.7 years, and 61
AbstrACt
Objective To determine the prevalence and risk of systemic comorbidities in primary angle-closure glaucoma in Taiwan population. Methods We included 3322 primary angle-closure glaucoma (PACG) subjects and randomly selected patients without PACG from the Taiwan National Health Insurance Research Database and frequency matched four of them (n=13 288) to each PACG patient, based on age and sex. The univariable and multivariable unconditional logistic regression models were used to estimate the effect of comorbidities on the risk of PACG as indicated by the OR with 95% CI. results The mean age of the PACG group was 65.2±12.7 years, and 61.1% of the patients were female. The risk of PACG was greater for patients with the comorbidities of hyperlipidaemia (ORs: 1.11), headaches (ORs: 1.13), liver diseases (ORs: 1.14), peptic ulcers (ORs: 1.10) and cataract (ORs: 3.80). For the male group, diabetes (ORs: 1.19), liver diseases (ORs: 1.29) and cataract (ORs: 4.30) were significantly associated with increasing PACG risk. For the female group, hyperlipidaemia (ORs: 1.13), headaches (ORs: 1.15), peptic ulcers (ORs: 1.14) and cataract (ORs: 3.54) were significantly associated with increasing PACG risk. For the age group of 64 years and younger, patients with comorbidity of hyperlipidaemia (ORs: 1.20) , peptic ulcers (ORs: 1.21) and cataract (ORs: 5.91) were significantly associated with increasing PACG risk. For the age group of 65 years and older, patients with cataract were significantly associated with increasing PACG risk (ORs: 5.07). Conclusions Clinicians should be aware of slightly increased PACG risk in the subjects with the medical comorbidities of hyperlipidaemia, headaches, liver diseases and peptic ulcers. However, cataract is the strongest risk factor of PACG.
IntrOduCtIOn
Primary angle-closure glaucoma (PACG) is a leading cause of blindness worldwide; it is especially common in Asian countries. [1] [2] [3] A recent meta-analysis study shows that PACG affects approximately 0.75% of adult Asians, and this percentage doubles every decade; 60% of cases are in females. 4 The proposed mechanism of PACG is pupillary block, with anterior lens movement as a strong contributing factor, often due to ageing-induced cataract formation. 4 5 Risk factors for PACG are ageing, female gender, shallow anterior chamber and short axial length in hyperopic eye. 4 5 Contrary to primary open angle glaucoma (POAG)-which has been associated with systemic diseases, including cardiovascular, metabolic, neurodegenerative, psychological diseases and others [6] [7] [8] [9] [10] [11] [12] [13] few studies have evaluated medical illness among PACG subjects. Age is the main factor contributing to the coexisting of systemic comorbidities and cataract formation. Therefore, it is quite meaningful to understand if age-related medical illness would be associated with PACG, which is also a very important issue in our population because of very high prevalence of this type of glaucoma in Taiwan.
Here, we use a nationwide dataset from Taiwan to determine the prevalence of some common medical comorbidities in the PACG population. We also study whether these comorbidities are associated with the increased risk of PACG compared with strengths and limitations of this study ► This is the first original study on the association between medical comorbidity and primary angle-closure glaucoma (PACG). ► A strength of this study is the large sample size. ► Clinicians should be aware of slightly increased PACG risk in the subjects with hyperlipidaemia, headaches, liver diseases and peptic ulcers. ► Cataract is the strongest risk factor of PACG in any age group and gender. ► This study has inherent limitations from the claims database, including miscoding and selection bias; the findings are thus not generalisable to all populations.
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controls. This is the first original study using a large claims database to evaluate this important topic. 15 The date of diagnosis of PACG was defined as the index date. We excluded patients with a history of POAG (ICD-9-CM code 365.1) diagnosed before the index date. Secondary, juvenile, and congenital glaucoma were also excluded. For each PACG case, four insured beneficiaries with no history of glaucoma (ICD-9-CM code 365) were assigned to a non-PACG control group, frequency matched to the patients in the PACG case group according to age (every 5 years), sex and index year of PACG diagnosis; the same exclusion criteria used for the PACG case group were applied.
MAterIAls And MethOds

Common medical comorbidity
The comorbidities were hypertension (ICD-9-CM codes 401-405), ischaemic heart disease (ICD-9-CM codes 410-414), hyperlipidaemia (ICD-9-CM code 272), congestive heart failure (ICD-9-CM code 428), cardiac arrhythmias (ICD-9-CM codes 426 and 427), peripheral vascular disorders (ICD-9-CM codes 440. Cataract (ICD-9-CM code 366) was also evaluated because of higher prevalence in the elderly population.
statistical analysis
The baseline characteristics and comorbidities of the PACG case group and non-PACG control group were compared. Χ 2 test and t-test were used to evaluate the difference of categorical and continuous variables, respectively, between the two groups. Univariable and multivariable unconditional logistic regression models were used to estimate the effect of comorbidities on the risk of PACG as indicated by the OR with 95% CI. All analyses were performed using SAS V.9.4 (SAS Institute), and the significance level was set at 0.05 for the two-tailed tests.
results
A total of 3322 PACG cases met the study criteria, and 13 288 subjects were matched according to sex and age to form the control group (table 1). The PACG group comprised 61.1% women, and 57.6% were older than 65 years. The mean age was 65.2±12.7 years in the PACG group and 64.8±13.0 years in the control group. Compared with the controls, PACG patients have significantly higher prevalence of hypertension, ischaemic heart disease, hyperlipidaemia, cardiac arrhythmias, peripheral vascular disorders, headaches, chronic obstructive pulmonary disease, asthma, diabetes, renal failure, liver diseases, peptic ulcers, hepatitis B, depression, solid tumour and cataract (p<0.05).
The crude and adjusted ORs for the model were fitted to examine the association between medical comorbidities and the risk of PACG (table 2) . Hyperlipidaemia increased the risk of PACG by 1.11-fold (95% CI: 1.01 to 1.21). Headaches increased the risk of PACG by 1.13-fold (95% CI: 1.04 to 1.23). Liver diseases inrcreased the risk of PACG by 1.14-fold (95% CI: 1.03 to 1.25). Peptic ulcers increased the risk of PACG by 1.10-fold (95% CI: 1.01 to 1.20 
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female group, hyperlipidaemia, headaches, peptic ulcers and cataract were significantly associated with increasing PACG risk. For both the genders, cataract was the same and strongest risk factor for PACG development (ORs: 4.30 for the male group; ORs: 3.54 for the female group).
Regarding the effect of age on the risk of PACG, we subclassified the study groups into two. Interesting results were obtained; patients with comorbidity of hyperlipidaemia, peptic ulcers and cataract were associated with increasing PACG risk in the age group of 64 years and younger. However, for the age group of 65 years and older, cataract was the only factor for the increased risk of PACG. Cataract was the same and strongest risk factor for PACG onset for both the age groups (ORs: 5.91 for the age group younger than 65 years; ORs: 5.07 for the age group older than 65 years).
Our study is the first one that discussed the medical comorbidity in a large PACG cohort using large claims database. Potential explanations about the strong relationship between some medical illness and the risk of PACG should be mentioned as below. 
Pathogenetic mechanisms of PACG and association between cataract and PACG Our study reveals that cataract is the strongest risk factor for PACG in any age group and gender compared to other medical comorbidity. PACG has its characteristic anatomy features and unique pathological process, including a crowded anterior segment and narrow anterior chamber angle. 15 The lens is considered to play a crucial role in the pathogenesis of PACG either because of an increase in its thickness or a more anterior position resulting in angle crowding and a greater predisposition to pupillary block. 5 6 15 16 Furthermore, the lens thickness increases with age and makes the narrow anterior chamber angle even more crowded, which might be why most PACG occurs in patients older than 40 years. 15 16 Our study result supports that ocular anatomical factor plays a more important role in the pathogenesis of PACG than any other medical comorbidities in Taiwan Chinese population. 
Association between hyperlipidaemia and diabetes and PACG In one Korean epidemiological study, hypercholesterolemia, hypertension and diabetes mellitus were independent risk factors for the development of any cataract. 17 Moreover, in one study, the authors demonstrated that metabolic syndrome and its components are associated with age-related cataract only among Korean women. 18 We believe that the potential reasons for diabetes and hyperlipidaemia in the risk of PACG from our result could be attributed to the increased risk of cataract. Further, longitudinal observational study is needed to address this issue.
Association between liver disease and PACG One recent study from Taiwan reported that hepatitis C infection, even without the complication of cirrhosis, is associated with an increased risk of cataract. 19 Another study from Korean reported that hepatitis B and hepatitis C infection were significantly associated with cataract. 20 The strong association between liver disease and the risk of PACG might increase the risk of cataract in liver disease patients. However, further study is needed to elucidate this interesting result.
Association between headache and PACG PACG patients complain of headache caused by increased intraocular pressure. 21 22 PACG patients seek medical help due to headache before the diagnosis of PACG. Our results indicate that headache is associated with higher risk for PACG. Headache may be a symptom of PACG missed by the physician. Therefore, clinicians should consider the possibility of PACG in patients with headache.
Association between peptic ulcers and PACG
No previous study has reported the presence or absence of an association between peptic ulcers and PACG. We speculate that Histamine 2 receptor antagonist that was widely used in peptic ulcer treatment might induce or precipitate PACG. 23 Further longitudinal study is mandatory in this interesting topic.
Despite these promising results, our study had certain limitations. First, glaucoma and medical comorbidity were defined entirely on the basis of claims data (ICD-9-CM codes assigned by clinicians). 21 This approach is less accurate than diagnosing personally through a standardised procedure. 21 The second limitation is selection bias. 21 Because the NHI database only comprises data of patients who have received treatment, patients who have received no treatment for glaucoma or any of these medial disease might have been recruited in the comparison cohort. Third, despite the large sample, the study cohort comprised Taiwanese patients. Therefore, these findings cannot be generalised to other populations. Nevertheless, our study has the following strengths. First, the strength of the database is excellent because of the large sample randomization. 21 We could follow patient cases over time to assess the relationship between medical illness and the subsequent onset of PACG. Second, the database includes data of people with diverse sociodemographic profiles, unlike some smaller studies that recruited patients from specific regions and thus lack in representativeness.
In conclusion, our population-based study using the NHIRD revealed that the PACG risk is strongest in cataract patients and is slightly higher in patients with medical comorbidities of hyperlipidaemia, headaches, liver diseases, and peptic ulcers. Clinicians should be aware of these findings when encountering patients with these diseases.
Contributors H-YC: conception and design, acquisition of data, analysis and interpretation of data, drafting of the manuscript, critical revision of the manuscript for important intellectual content, obtaining funding; C-LL: statistical expertise, conception and design, critical revision of the manuscript for important intellectual content. 
